
S I N E S A N I) T A, N G- E N T 


Fon 


lAEiiY s;i<:coN,i:), 


jjy sHo:i.{.'r.u.ioi:):io, f.u.a.s,, 

WAJOIt-UKMKHAI-, UTU OF HO.MUAl' AHMV, ll.JM.O.a.) 


WITH ADDITIONAL PREI-AOE, 
AN1> KXAMPI.Ky, 


HV 


^t^JOU-GEN!-)RAli 


.llAJMNYNt.JTON, EJ.A. F.W.S. 




LONDOX: 

U]I.AUIVM.S AND EDVV.IN DAYTON, 
00, EAUUINUDON .STllKK'J’, K.U. 



" Tills Is, 8« fnr as wc know, the only soft of Tublas to every second, 
“ uiulcrtiikoi III llio osiiciiso of a single iiulivklunl, and it sliows cxtraorditinry 
" energy and pnblic spirit.” 



PREFACE. 


EXPLANATION OF TUW TAIJLMS. 

Loficii'ithmic Sinei and. Tanffontf. 

Tun ftrgnmcnts in this Table are given for space and time Uirtnighoiit Mio nreli-; Hu'iai 
«if tlio odd octants at tlio top and loft; those of Uio even octinils at llie boLLoiu ninl riglu 
tif (ho pages. 

Tho loading llgnros avG given at the holloni as well ns at the (op of lliu ctilimiDKj iho 
black lo/.ongo indicating a change of leading figure. This ohnngo occuvh only once in any 
cnluinn, cxoGi)t at page 142, where a double change is iiullcalod 3)y iv largo figiivo prhdoi! 
thus ! 2i over the oolninn in ^vhich itoccni's. 

J'lacii colnimi, containing a minute of arc or four seconds of liino, is marked aoctu’diiigly 
fit lop and bottom ; tho odd seconds of time changing jit the broad iHivizonlnl .spiuies. 

At (lio l)nllom of the coliiinus the mean common clilTei’ouco is given to four llgnves, uiid 
on (ho riglii nl’ (ho page proportional i)arl3 arc given to lonllis of ii aocond of arc, and to 
UitiulrodDis of n second of time. 

At ovovy ti" (ho corresponding time argniueiils are givcui to every tivo-tmilhs i)f n sdaoiiil, 
For (ho, iiiLennodiato tenths (he tabular quantities may ii.sually bn gotliy taking tho lut'im 
of tlmsii no.xt adjacent \ in tho fir.st degree, ivlicvc tho soocmd diftiirnncoB tiro !soiiiilble, tliiihii 
may, aflor (ho first page, be allowed for by taking tho moan of tho two next lahnlar vnlnoa 
on oacli side, aiul correcting tho nearest mean by ^ of Urn diflbrcuco of tho two. 

Otherwise, am! more gencrnlly, when x is a very small arc, Iog..sin,,v and log, tan. a? may 
1)0 found by means of the Table on the last page, or by MAStc,iu.KVNJ{’fl ridos, 
log.sin..r— li)g..sin.l"-i-log.aj"-^log.sce.a;; log. tau.,r5iclog. (an. 1" l()g.:y" •(• 5 lug. see. .x’; 
as in (ho following cxaihplos ; the first being quite ail oxlremccaso: 

s. 

jlnijiiirod log.sin,G'0=1.43 '5. The snino by M \siu;i.kyni;’.'5 rule. 

^(siii.l'43‘'-i-sin.l,4l)=G700 6101‘6 ing..sec, GT^TOO (JOOU fiG 

Afsiii. 1.42 -h sin. 1.4u)= 469o’6 « 

^ sin.U::=0‘fiGlG001‘3 

dim)roiice=: 400 lug.G'O^^sO’OUtUUOO’O 

difr.-^8r:= 607 '"700M62‘a’ 

nearest Tiicnn ^0700 5101*5 ^-soc.0''0=: ‘2 

log.sin.0-9=G700ol62’2 0700 0152*0 



Iv 


PREFACE. 


m. a. „ , 

lloquircd log.sni.l .26*3=0. SI 

i (Kin. 2 l' .10 + iiiiK 2 l'. 20 ")= 77 n 2 6123 
i(Bin, IQ 21 emo 

(iirr.= 2 *o 

>/ 

7702 6123 

lit. 1=. 

log.sin.l .26‘3=7702 6123*3 


II.. a. . 

llo<[uirQ6 log, Uui, 1 .25.3=0.21.19.5. 

J(Uui.2l'lO'+tan.21.20")=V'7026207 
IB 21 020-l‘5 

' " 2-5 
•3 

7702 6207 

III. S. 

log. (lui. i .25.3 = 7702 6207*3 


log. sill. l*=o ’861 666 r 3 
log. B 6 . 3 “:r 930 9490‘3 

7792 eiore 
i Bce.= -27'8 

f ^2 6123*8 


log.(nn.l»= 6 ’B 61 0661'8 
1*930 9490*3 

7792 OlOl’C 
1 8cc.= +56-7 

r 792 ^ 07 *i 3 


]ly moans of l-ho Tabltis of log. sines and log. 
li'ical fimcUona avo roudily found : thus, 

.,----=OOSCC.(t 

sin. a 
1 

-'ssscc. a 

(iOH.a 

vers. ass2»‘ni.®4n 

SUV. as;:20O8.“Af* 

cov. a=2Hin.‘'(45® - A«)=2 cos.“('lo A »*) 
8UP a=2cos.“(d5*- ia)=2B\n.*(<l5 + .1 «) 


tiuigcnls here given, all other tvigonomo 


log. cosoc. «= colog. sin. a 
log, see. ass colog. cos. a 
log,vcrs.a=log.2 + 21og.8in. ia 
log. 3UY. a=log. 2 + 21og.cos. la 
log. cov. n=log. 2 + 21og.sin.“('15'' - la) 
log. sufi.«=log. 2 + 21og.co3.“(45« - ^a) 


Hynoptio 'Pables of Trlgonomokical Forimilin are given at the end ; also on the last page 
is n Tivblo of Constants with fchoir Logarithma. 
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J AUiIinUKU tl.o AuU.n,.',. I'.m, to 11™ T.,l.lo in « .n.,.ll <io,.n.nss il. 

toin. 1,10 iu n J-i.. U,n . mo.-o un,u,lo ...ounO al ,1, 

1111(1 to mili|ily n I'n"’ osiiiiililiiH o£ it« iwim. 

■> I'luili iiwi. in ilivi.l.ia liy (liU-li vortifiil liiio« into fiim' .imiil'iirfmoiibs i.l’ ivliicli 111 .) 
(iiito. Iliiiillio lo«,u.iUii™'.r niiicH iiiKl ooniiion, uml tUo innoi- M,o.o ol: toii.-imOn ...k1 

u, At H.« lied of tlio conn, art, iiont. n.-o entonod Iho .mine, of »ovo™l tortion* 
1-ufcmia by Uio nigiiH -I- «dA -- t» tUoir mitUllo mo 

rfiiMpiu-limmiiH nvn kIiowu tba u..a up to ibo 7lU 

Ibn b'nno ui'wimioiitH in ImurH mul nunnt.iH. H vull i 

imcli (lcKi't)i) *21) ami UuaKraloitb 1- pa-jra. 

imKDS mmb .unuiurlumut bas U.nm culu.m.s, ami IVnm Urn 7lh .lagna, 

livu oolumnn, 

A At tliii lied of oiuili .■iil.i.iii. till. iiWoo'-'iito «vo .•oiiliiiiu-.l, tin- inlcvcnU U;m coluiiii. 
tn nilnmii in ti"H) '!.* lunl in in'inai I'. 

„ lA.c KKidlliT ilitorviil), lliii iirKiiiiioiH" »™ "f'"c 

rirui ..,*.i n, iik,.™. .„.t i..aic,.toa 

vviibi ilivlHidii whi^ili (iniHsca tlm 

r -tcivirr r;s 

l::r 

H. It will l.i^ nntia-a Llmt tlm timo iiVK«nmuU 

tliira amanul ol: .y^Xir'llI Twldltivo to Uto prccctling tenths. Fw 

tl(>i;iinuln that may bo viowod uh 7 i „ nlso 
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9. Noxt liolow tho arguments at the top of each column the index of tho logarithm, 
ctiatinguiRhod by a following decimal point, is given, and immediately below the index arc 
tho loading figures which arc common to, and precede those in the column until a change 
bo indicated. 

10. A change in the leading fiarnivs is marked by substituting a lozenge for tho 
llgurc 0. For example, in psigo 3 tho log sine of (T 03' 26'' is 6-9i)9 d.;li20, and that of 
0° 03' 27'' is 7*001 6*151. Hero the index has changed, as well as the loading ilguros. 
Attention is needful in sneh cases. 

11. So long as the leading figures consist of one or of two places, the index is given in 
both upper and lower headings ; but when three figures Iciid, then tho index is omitted in 
the lower headings. A lino is thus saved, and is used for a special jmvposc. 

12. From page 1 onwards in tho lower headings, a lino marked C.]). shows a mean 
common difference which may belong to all tho values in tho column above. When in tins 
lino one or inoi’o places arc marked off by a point, this means that they extend so far 
heyoud the seventh or last figuro in the Table. This difference is for the wliolo interval 
hotwcon any two consecutive values entered in the colunin, and from it' tho proportional 
part for any smaller interval may bo derived. 

13. Tho following examples will sliow how to obtaiji values that iiro not dircotly given 
in tho Table i — 

Kcquived tho logarithms of the sine, tangent, cotangent, and cosine of the arc 
12® 10' 81*8" (liefer to page 201-) 

Slue. Tau{'cnU Colangcnt, Cosine. 


12 

10 

34*0 
+ 'S 

9'324 

1121 

+ 78 

9*333 

993<5 
+ 82 

0*666 

0064 

-82 

9*990 

inSS 

-4 

12 

10 

34 'a 

9*324 

1199 

9*334 

00 1 3 

0*665 

99S2 

9*990 

1 iSi 

Ilcquircd tho same lognritlims for the timo 

argument, 

1 ). m. 

0 48 

B. 

42*32 — 



0 

48 

42-27 
+ -05 

9*324 

1121 

+ 73 

9*333 

9936 
+ 77 

0*666 

0064 

-77 

9*990 ■ 

ijSs 

-3 

0 

48 

42*32 

9*324 

1194 

9*333 

0013 

0*665 

99S7 

9*990 

1182 


Tho space and time arguments in these examples are identical, hut the results obtained 
difier in the last figuro. Tho i-cason of this is that 0’'01=0"15. 'I'ho time arguments of 
tho proportional jmi-ts are for hu^er intervals than the space arguments. Therefore, 
instead of using tho proportional parts for timo intervals, it will bo convenient to convert 
the hindrcdth parts of iime seconds into tenths of space seconds^ and taka oitt the pro- 
portional 2 )(irts accordinglif. In the pi*osont instance 0’05, or more exactly 0®058==0'''8 
and thus the results would coincide. 

By deriving the differences from tlie line O.D. we should have 

9*76x8=78; io*2ix8=8i’6 and ■45x8=3*6 

14*. The formula) exhibited on jMges 508 to GOl afford the solution of every easo that 
can arise. For the purpose of numerical 'illustration, fom* sets of data—namcly, all the 
parts of two plane and of two spherical triangles, witli requisite logarithms, will Iv 
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rii 

given. For the viglit-anylerl triangles five-figure logaritlims may siiUlcoj the rthliquc- 
fiiiglachtriaiigles are examples of jwecisioii. 

15. In right-angled triangles tliero may bo given: 

1. A side and an angle. 

2. Two sides. 

fi. Two angles (spbcrieal). 

10. In oblique-angled triangles there may bo given ; 

1. Two and opposite to one of them, 

angles sulc 

2. Two and between them. 

angles sido 

3- a'igte (q,l.orical). 


ItldllT-ANaJ.KD l‘j.ANH TltlAXai.KS, 




r.fiR. 



Sine. 

Cosine. 

Tangent. 

CotniigciU 

ti 

77 

I ’88649 

A 

$ 0 ^ 

9*76922 

9-90796 

9-86126 

0-13874 

b 

106 

2*02523 

B 

54 

9-90796 

9-76922 

0-13874 

9-86126 

c 

13 1 

2*11727 

C 

90 






Tho liypoihenuso and an angle or side giocn. 

'ihj the logarithm of tho hypothenuse add tho log sine of an angle, tho result will bo the 
logaritliin of the sido opposite to Uiat angle. 

2’n727 •|-976922= I•88649=log^l 
2'n727'h9’90796='2’o2523=log^ 

l‘h’oni tho logarithm of a side take tho logaritlim of tho hypoWiQini.se, the ro.sult will be 
Ihu log sine of the angle opposite to that sido. 

I'SSCqp— 2 ‘ii 727 = 9 ’ 76922 =log zlnA 
2'o2523--- 2'i i727=9'90796=log sin.^ 

A side and angles giom. 

^I’o tile logarithm of a sido add the log of opimslto 

tho logarithm of tho sido to tho other angle. 

° opposite ° 

2 '02 5 23 -I- 9*86 1 26 ^ I '8S649 =log « 

1 '88649 + o’i 3874= 2:02523=: log b 

From the logarithm of a sido take the log ol the result will be 

l lio logarithm of the hypotlionuso. 

2'02523“9’90796=2’ii727=logtf 
i' 88649— 9’76922=2*iT727=logtf 

From tho logarithm of tho greater ’side take the logarithm of tho less, the result will k 
Viho log bangont of tho greater angle, or cotangent of the loss. 

2'02523 — i'88649=o*i3874=log tan .5=logcotah /I 
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AUniTIONAL I'llKPACK. 


OjM.IQUJi-ANnf.Kl) l*f.ANK TllfAN(ir-KH. 


Side! 



r.tiRAviihm. 

Angles. 

27885-91 

r 445 3845 

A 82*^ 24' 40" 

22322-9 

4-3487526 

/i 52 30 50 

19918-4 

,1*299 2579 

C 45 04 30 


RUtc. 

0*996 1793 

|9’«'<99 5474 
, 9*8500527 


(^>.sh)R. 
9-120 7S50 
9*7«4 

9‘8.j8 915K 


'riinj’C'nt. 

0*875 3943 
0*115 2375 
0*001 1370 


CtilaiiRoiU. 
9-124 6057 
9-884 7625 
9*998 8630 


Noti;, Tlu' diilii iiC Uuh tiriuiigle ui*o taken from Walliieo’s (.j(.’oineti-ie»l Thcoi-onis and 
(I'oriniilie. Tlin distnneoH hi feet aro: 

It. |{(tl,W(!Oii Nnwhuven Viei* Iloiul and a Ktation nn rimnnior J/iiw. 

I). H(d\v(!on Nowlnivon I’iov iroinl and .hudikoiOh Jiif'hUiitnHe. 

0 . Hotweon Jnchkoitli Llghtlumao an<l LamnuH* Law Station. 


fVwo hk» 7 M/>*/.? and an ojtpim/n pari ffiveii. 


Taku till' 


lo<>iirililnn 
1(1^' Hiiin 


Oi' Ull! 


iilile 

anf^ln 


njipiiKito to till) sought 


ivom ortho 

‘Hido’- **'’ ligai-itllni 


; tlio roiiulli will ho tho 
iiido ' 


log Kino 
logiiriUiin 


of Uic Hought 


uiigio 
mclo ’ 


Noti;,' Olmervo tlnit ilko i:« (alton from llko, logai-itlnn fToin logarllhin, log sino A-oni 
log fiitio. In I'Toetioo, nwo (ho uHtlnnotiouI eoiu|dom(.*iit of tlio aiihh'ticlivo ijuaiitity. 
TliUH tho iii'oeoHH will he nmdo ndditivo. 


(ilviiii. HourIiI. 1 
luiJi A 
liAb a 1 


NimicvlenI urocosH. l‘'oood. 

5-651 8474‘H 4*445 3«45'l*9'«99 S47-l"9‘';9<> • 793 ~-'"g sin A 

0*100 4526 + 9*996 i793-h4’34ll 752r>=4‘445 3^45 = «^tJ 


Two aides and an tnvliuhd unylo 


Nitnihoi’H. 
a |•/dr^'25^04*4 
,.4r4-<.*jva23902*l5 
i5(// + T)i---32U30*65 


hoi'Ai'lihinH. 

4 '399 749« 
4'37«437o 
4*324 7073 


Afd— /')= 278 r 5 
Jf</-fc*j=:3983'75 
f)= 1 202-25 


r.llR.-llilhlOH. 

3‘444 279 f 
3'6oo 2921 
3-0789948 


iriiid ilio liiiir »omi and tlio half dld'oninon of tho given KhhiH and their logarithiiiK, 
mil tiikii the logarithm of tlui half Hum from tlui Ingavithni of tlii' half dill'oroneo and add 
ereto tlm log tiingont of tho Iiulf Kum of tho unknown iinglea ; tlio ri'anlt will ho tlm log 
aigent ol’ an are whielt Ih tlic) lialf diffoi’on<'<i of Urn unknown anglea. Tims tho angles 
Kieoiim k'nown and tho third bmIo may liu found hy tho fovmor rnlo. 

(liven, Sini|;lii, Naincrlcal iiroccss. Fonmh 

abC AJi 5'6oo 2502+3*444 2791+0*381 9722:=9‘.|26 5ors'==l:in 0 

Ihim-e the diHin-ontlal nro is 14 '’ 56 ' 55 ", whicli hoing added to and taken from 

\ + 4 S*^ tlio angles yi and JJ. 

Three sides given. 

From tlm liiilf amn of tho Kulofl tako HuccoHHively thu sidos that aro 7io^ opposite to tho 
might angle. Then to tho complcmoiit lugiirilhma of tliese aides add tlm logarithms of 



AlHHrillNAI. riUU'Af.'K 


IX 


tlni ililli'rnicini. ilall’ul' llui aum will Uu* lo}' sin^ of an tin? donblii of wliioh will 
1)11 llio initjlo. 


it 

/> tt232a‘9 cciloj; 5'rt5t 2-174 

a M>yiKvi rol(i'.JS 7 oo 7 .i 2 i 

2 .f 70127*2 

y- 7 ' ] 27 i|o *7 ' 9.13 

s 4* ».St45‘“ 37*19 


2)«9'^»37 *1577 


41 " 12 ' 20 " sine 9 *HiH 7 aHS 
.7 Hj 24 40 '■ ' 


JIniH'i'-ANni.KII SlMlKMTO.VI. TlirANnt.KH. 


Hides . , , 1 

Ui 

5'" 

30' 

Klmi. 

9’«y3S6 

(‘dsIho. 

9*79412 

*rnn|;cnl. 

0*09944 

Coliingt!ii(i 

9*90056 

[^' 

SO 

10 

yH853., 

9*80651 

0*07883 

9'93i 17 

Ilyiimliomu'o 

r 

(tU 

30 

9*962/1 ( 

9*60063 

0*36178 

9*63822 

Atiglos . . 1 

'4 

s« 

35 

9*931 >5 

971705 

0*21410 

9*78590 

h' 

56 

S3 

9*92293 

9*73766 

0*18527 

9*81473 


7'/rfl Jii/iiitf/icilUHti HUfl an tnu/h nr atifn i/ivrn. 

To llio Inj' niini (if llto lijimUicnnHO inlil Mm lo;r nuni of an nngluj Mjo tm\\i will i)() Uio 
Ini' aiiit' nl' ilm ni(lr <i|Hiiiuilo In lint aiiKl*’* 

|<’i itiu Mitt «iui! nf a Htiln tiMf» Mi" l''« «'»" "f Mm liyimUmimso j Lint ivsnlt. will lio l,lnj 
lii|,' Hint’ nl'Mio iuikIi* l-o Mm 

■iyi) 03 .\ 1 =59*93 1 1 5r.:jlog Hjn .7 
i;’H.S53.1 •-9'9f»24 « =5y*93 293«loi' SUi Ji 

l'’i'(im Mu' {iiiHUiit nf tlm liyimtlinmiHn tiilni Mut li)f?W)Hlnn ol'a siile ; Mio roHulb will lio 
Dll' liii.{ "UhIiio uftlin tiMiov 

y^ioodi— 9*794 >a — y’8o(j5i =log 00s 
9*fjoori3-9‘»o05i -9*794 i2=loK cos /? 

Sida timi atiffh ^imn. 

li’nnn tlm sinoofanMo tiilio tlm lojt »ino of tlia opuofliUMiiiKlo j ll.o I'csnlt will Im 
lliu l(j{' niiio of till) liyiKiMunmsf. 

y* 8 g 3 s 5 “- 9 ' 93 i I 5 =s 9 * 9 fi 24 » = loKsin ( 

9'93ay3— 9*9624 * ~ •‘^K ^ 

'I’o tlio log cotiingonliof ft 8iao lultl fclio log c()«iii« offlii mljiieoDt miglo 1 Mio I'osnlt wit! bo 

tlio log flotniigont of fclio bypoMtomiBO. 

o*ooo 5 () 4 - 9737 fi 6 » 9 ‘ 638 aa=log coumy 
n*O3*'l^*h0'7I704BS0‘63822*=l0g0Otini» 0 
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ADDITIONAI. I'UKVAOi: 


ilio l(ij» (‘(tHino of an lukcs t-lm roshu* ol’ Hn' lii'l*’ ; tin' I't'Hiilt will 

lin llin Inj' siiKi (iriha all^']o o|>|>omt;i! lo ilin oMkm' Kidt*. 

‘>‘7 '70S- 

973766 ' -y‘.So 65 r-:y 93 1 1 ;;: jdii .1 

To Hill lofj I'OHino of a sido mid tlm lo^ Kino of llio mljm-onl lu^'lo \ tin' n'snlL will lio I lio 
In^' oiwiiio ol' lln‘ (i[i|mHito ani^Io. 

y 79 . 1 i 2 -|-yy 2 ;}y 3 ?^-: 97 ! 7 o.s- loj? ' oji ./ 

9 ‘Kor»s I -|' 9 * 93 1 15 :- : 9737 <i 6 : < «'ri /< 

.7'/r« siilfin t/ii'fu. 

Add to'^olilHir llinlo^»ooNlno» ()ri.lio Hid«‘K, tlio kiuu will In* llif I'lji; ni .iiio nf tlio liyiKilhoinino, 

97y.|i2 ty.Sori 5 1 ? -y'tiooti^: ilnjj ;o.s t: 

'I'd l)lio lo-f (iotnngonli of a mu 1« add tlm lo^ Kino of l ioi nllior nido ; llui ri-imlt will In' I lio 
lufr of auglo opjamito to tho I'onma* Kldo. 

9*90056 1 y'J{.S53.|sr.-9'7H5yoK:lt)j;;i;tiiim A 
9*921 17 |-9*}{y356::v;9*Hi.|y3:- iloj'fdlan /»' 


Tivo iiiu/lvs i/irru. 

Add io/<'i'(lior Mio lof< oolinii'oiilii ni' tlio aii{'lo>i, Ilio mini will I10 llto lo).;; (loalito of {lii- 
li,V|iol'lii'iiuiio. 

97’‘^59o I y*H 1.173 — 9*60063 v;;!l(»j^ro}i i* 

li'rom tlvo lop; oofiiuo of an iuikIo tako tlm lop; Kino of Ilio ntlior anglo ; tlio romdl. will In* 
ilio Iuj{ uoKiiiu of Iho uidn oppoKito to tlio forinoi* udkIu. 

9 ’ 7 » 70 S*- 9 ’ 9 a 293 — y^y-l'i*— lofi 
973766-9*931 15:r49-,So631 a. .lu^ OOil A 


Oin.T^i/K.AKdi.Kii 8i*iii:nioAr. Tin ANnr.r.H. 







Siius 

Ouidm?. 

’raii|;riil. 

('|•lall|;l'll(. 


\a 

vf 

dS' 

,19" 

9*993 0279 

9*249 8279 

o'7,f3 2000 

9*256 8i»»u> 

Siih.'K \ 

'a 

7;i 

45 

5' 

9*982 3251 

9*4.165242 

«>'5.i‘i ''■lody 

9*.|i>.| 199J 

1 

\c ■ 

:i9 

5.1 

20 

9*807 06 1 8 

9'«»4 959.1 

9*922 1025 

0*077 *'‘'>7.5 

1 

'A 

9.1 

25 

25*3 

9*999 2242 

8*776 1098 

r*3J.3 1144 

8*7 76 8.856 

Anplc.s ■< 


76 

5.1 

05*1 

9*9885214 

9*355 '^^S-l 1 

0*632 6673 

9 '.16 7 3.1 '-'7 

1 

c 

40 


50 

9'«'.1 2S«3 

y*8.So 5233 

9’9I^ 7.15 ' 

0*o6y 2649 


Noti;.’ -TliiK li'iaiij'lo in doHvod fnini tlio Naulioal Alnmnark, 2iid Nov. 18116. Nuun, 


u J k iho X’olav diMtaueo of iho iiuioii ; 
h Ih tlio Polin' di.stinioo of tlio Ktai' Aldohiu'iui ; 
0 Ik ilio '.I)i»ianoo arc ; and 
(7 Ik till! dilToi’i'iH.'o ofKi^lit AmmiiHion. 


Two Jiko purls anti an opposila pari iiiirn. 

SiiliHtitutiiip: hr/ sim for lot/arUhnt tlio riilo in Iho biuiio iih (Imi for jdano triinigloa. 


(ilvim. .Sont'lit' 

Jiai> A 

JhU a 


r Numerical procc.ss. Found. 

o'oi7 6749 + 9-993 o 279 + 9'98« 5ar4J=;9'999 aa.ias^loK.sInv'/ 
0*011 4786 + 9*999 3243 + 9*982 3251 —9*993 0379553 1 «p Kill a 
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ADDITIONAL PREPAOR. 


xn 


The following methods may sometimes bo convenient ; 





I. Qhen ilireo sides to find 

an angle. 


a 

79° 

45' 

39" 

cos g'249 8279 



b 

73 

45 

SI 

sec 0-5534758 

cotan 

9-464 1991 
0-077 S975 

c 

39 

53 

20 

sec 0-115 0407 

cotan 

X 

0-828599 

10^9-9183444 

Iob(a~ 

1)9-2340133 

A 

93° 

25' 

25-2 


cosin 

8-776 1099 


II. Qimx 

two sides and included angle 

to find the. third side. 

A 

93 

25 

25-2 

cos 8-776 logS 



b 

73 

45 

51 

tan 0*535 8009 

cos 

9-446 5242 

c 

39 

53 

20 

Ian 9-922 1025 

cos 

9'SS4 9593 

A 

o-i' 

7140] 

r 

log 9-234 0132 

l0g(A- 

-1)9*9183444 

a 

79 

45 

39 


cos 9-249 8279 

ITT. 

Given ixvo sidet 

( and the included angle, to find anoihox' angle, 

b 

73° 

45' 

51" 

cotan 9*464 1991 



c 

39 

53 

20 

tan 9-922 1025 

cos 

9-884 9593 

A 

93 

25 

25-2 

sec 1*2238902 

coian 

8-776 8S56 

A 

4'075<jo2 


log 0*610 1918 

iog(A-i- 

1)0-705 4876 

B 

76® 

S3' 

05“ 


coian 

9’3<37 3325 


Note.— I ll the first branch of these processes log a- is determined. In tlio second log 
(v+l) is then to bo entered. As a rule, ® 


Of the given parts, if exceed 90®, use 


{ 


Case I. 
A+l 
A— I 


Case II. 
A— r 
«i; + r 


c.ise nr. 

A+l 
A— I 


Caw III, ia applicable to the impoA-rot problem of limling a eliip’s cou.™ on a mat 
circle, the given sides being the eolalitudcs. and tl.e given angle tl.o differoneo oflonnitnl,. 
['ho side I should represent the colatitndc of the port to wliloh tiio ship is bound 
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SuliiliuikK of ()l)li({uc Aiij'lcd Spliuriutil 'rnaii^lcci. 


I con I _ cofl(« 4 -<*^ 


COil/fCOfllt 


0 , h, r. >j A if A Im mit near 00“, {ukn cos» r.t Kiii/t'Kiiirr-cnii^; tnn g A H)tnii J (n a). 


Jan? =1= Jail J(fi — tr)col}A5 

Id, C’ cos /I :--4 (:ot,fi'(iiii(j A— ?) i 


? KoKinonl c: {lli® (Vmii mill, of l> Jo [)in ti. I'r. ll. 

cmC /<-!• ?). 


•l-fi-l-r , iHinfs—AVaiiifs— r) , , . |ain.s-»iii(*— «) ^ |,Hin(,s - c) 

...... Jd siiiAd=:M---i -5 cosjd Ad ; tuiiAd = AJ \ \-- 

•* N HinA-fliDC '< HMiAfiiiif ^ N aiii.s' Niti(N— «) 

Hi=\ > — — > «-- > '• [ lnnJvl-^-r-> .j 1.UI.J/J..' ; (anjC . , ■ . 

N Bins Bin(»~-o) Kiii(s— f() iiin(,s— (’) 


tnn^ 111 tan« cosOss: cot-l‘ ; ip - - scgnionJ ;l: (liil. m'cxJ.) of h fioni V to inn'ii. on h. 

... , , .. cixso rosfA— tf) oo.srt-Hiii(A-l'-!') 

case -- cinuocosAH-Binri-KinA'CosC s:; ' • - -- — - . 

misfl MU'I' 

if c Ijii not iicai' 00®, tnini «)aH:--:Pi>s.ocos{A— ; liiiiio . -s Vif” j(o~!'ip)'i<iNl(f)— .j^). 

land HcoA.innf.' 

cotii siiiA— cosA-ciwC*'” 'l-~iiin« nilATos6' ' cohi-iniiA-mTi-C- I' 


cnlA;r--5i'(i.sa'taiif7/ 


CUl|i:-’:Bin<I Killf/'cal(A— yl) : 


Ji -••= x + 5- 


^ i { M'fiiufiiit ■< 90 ® from mill, of C lii iiui'ii. on r. 

!>in4ssin>>if'''flln(jf,-^); c .A. 

wliini Ip ill near 00®, tnUn Jan f i-nsin^ij 

cold co8Alan(J C—i) j c«i /i =11 wsfMan (J C’j- , 


COSO si;co8(<M'f') = ciis(a-A) -2»in-jC-sln«-8inA. 

(iisutvMjC^/smrtisi'niT w --.isiii 


tani», L -.-1 W'ficc}(rt + A) 5 
eiiifg :i=«'8co5(</— A) ; 
siiii’j ns );i’Cii8ccj(rt-('A) ; 
tani', ns n coBCCj (rt— A) { 


, d--/i cnsl(n-A) . , 

2 cos5(o-|'A) “ ’ 


cos } c Si ruB I (« A) ..si!C(*, i. .; m noKi'ti f, . 

S" riwj (rt~A).C08j'„ JM.’Olf',. 
eln Jc Bill J (« •!• A) cos •; ;; JIM'ol 

KS8ill}(« — A)*ai!0<’4 11.; n COHOcf,. 


. d-/» Bini(«— A) , . 

(nil — ~ y ; Tl i •<^»1 i 

‘i 8ihJ(« + A) 


BiiiA’fiin .d 


/! is like A, if Eiiia>^ sinA ; lint ninbiKiioiia, if ain A nliin, 
iko 8in;j sn sinA mnd ; lnll(•l.'5®~ .> /;)is: V‘HitV(n +/») (an i (a -)>)< 

cot|~ colndQnA-cos,.^; j f?- , 1 ; ± t 

anjinn tnnAco.s;^ } innjlsi: -\/oo 3 Cc(a-|-;)) sin (ft— 7 )). 


/I, 7i, ^7, huiug Iho iinglcs, «, fc, c, tho ojiposilc Sides. Tim Signs as in Algebra 


Tim 

nnglt^H 

/I, IS. a 


A -[-IS-lO 


_ (loKyl 'loa /I'flOH 

BinybiiinC' ain /i'sinC'vsmt' ' 


fiiiiA 


if ft Im n()l imiir 90*', ialm sinw r-. aiii //'Sin C'-slnil; taiijn= 


liin i tan J {A T f7)-lan J (A i /I } 

eOfld 


^ saginonl <; DO® from mid. of U to porp. on h. 
cos r n-- cot vl*col{ *. l2—(), 

Inn 1»?“ V— cos(/iri/jTg] ,gc!c(.-l ~^/T-K). 


. , I— odrt.S^coof.S'—A) , . |ifi»s(»‘?i~-/15*c«B(.S— (/*) , ] — nosS'cnsfiS'-A) 

N i.iii/Hini;' ' ' ■ sinyFfliirC’ ^"NcoH(,S~/0^r(;6"~0' 

tanicr.^=^ 

-cdsA’ ' n ’ “ JI ' ^ n 


'I'm 
nnnliis 
ainl u 
flidainlor' 
Jauiml 


A, IJ, c 


Two 
angles 
and a 
aido 

iippuHitn 

vl, /}, ,1 


eot.'t; --RoH(;'tan/l ^- lanX ; ~ :1: (litl. or cxi.) of 7^ bclwoon c mid porp. on i. 

, . . . „ fiOByl'fllnfyi— v) eoa.'lTos(Z7+\J 

cos 0 :rr. - COS A 'COH li •}• flln A .8111 Jt-CMC r~. V rr. '•. 

If Clin not nonrOO®, Inbn nofl»ir-:coB.‘l.8ln(/J-“a;) | tan i 0 -.r: .\/mn j (« +;yi^)D*)‘ljm J («~ v d-W). 

finiocoHA: _ lnn/I*co8oo/?*?ii^_^. 

land i-ts AiHln /f-i-eiS/f'ccwf " V+inii.H'col"/) cosc ' f f /T ts’ii I! icco’ 

Inni^tTzluno-ROS/l 1 tnn^^••^Binc•B^lwl•lml(/Kv)5 f l’^* 


fail K « I -Jjy tan Jr i K~ MB'«onl <00® fn-i:. mid of c (o porp. fr. 0, 

cnH,i;'. !Hin/l'Cio»(ic+?) I c(-C:^^iiiwl-cos(Jc-0} 

wlinii S Ih small, (aim laii(>--^ cb8| { Imij5~ Vtnn(-ir»*“ i*) . 

tan u ■- m. Uam ( Ic-I- ?) i A-tn»(ic~:). 

con V^-. “CohC^I - 70-|-Uc(m’t<-'-«in/t-flin /f:-— co3(A-l-.W)-2Hin^iC'B)iM-Bin7^ 


?/l r r fiO»i«y'Hin*d-8in /ij 

lnnit, !rr;7J|.0Ofli!Ul(A—/^) { 
aini’B r -,»|.i.«Bi!o i {A •1*70 { 
aiiiitn ri m.siio 
tan (tj S5 n-accl(/l 

n + 0‘'»4(A~7]) 

tn — .‘, /'r'i }>\ "n^*- » 

•i i:nSj(/l'l’W) 


. , sin (7, Hill /i 

Hiiul ' 


M =s Bill jcVanwl-sin II 
COB 1 C’« Bin J (A - It) 'BOO (», -- iH-eo8Po (*, . 

Bln 1 Cr: COB i (A - 77) *008 ih-coi f„. 

=s COB J(.‘M-71).80C<'* ri.C08i!c(»,. 

<t-h _Bh\l{A-JI) . . 

‘"*‘~=8i^ri(:;r+70. ^ 

b ifl like n, ir ain/1 >8ln7/i but amliisiious, i( sin /I > Bin /I. 
• tnuCdri®-*!?') = 


wlinii h Ih near 00“, lako slu;>" »iiin.Blii 77 \ lftn(‘ir» - VoolnU Tp;' 

lan^=:ilaimco«/7; Bln’/- “ colA-tBiinBiiif i 

wbon is near 9(i“, take (nn;j^ )nti/iflmf i tnn(45"-U)- VwBcu(A+7>'Sir(^^ -7') 


0 cot;y = co9(i-lan77i 


COB A 'BMi K ', 

COB 7/ ■ ’ 




wliongia iieai'OO®, lal(ncoflji-coa7J-co8oCA;} ; , lonC4fl"-U) " 

Tlio quantUicB umlor Ilia radical givo Iwlf llio BinWsii|V , 

Wlion c is fomid wo may BoU» and 6'^om . 


e/in 





1 vigil t-niigl««l 'J’ruuigl(5}5. 

// := 90°, h tliu liypotcmiso } /j, /*, llin obHijitn ; f,, the opposilij sides, 

Givim 

'i'ho .lilies 

ft, /< 

'J’lui iiiiaiitili(i:i iiinrbml tlnio * nro oflilcn kiniU. Tbn si.nna nro iw in Alipdiia. 

ms ft r; cnaft'(io.H/i tnii ; Ian J ft 

, ,, Imift ,,, tiin-(4.')“— .'.lO-siii^ft 

(aii/i:- . ft) -• • , 

sm/‘ ' ^ l~(iiii'‘(-l;)"— ,\/>).c<is2ft 

, ,, tan/) . /n \ tun'-'t-IB*— .*.ft)-Hiii’.'/> 

siiift ' ' 1 • liin‘'('ir»" — .jft).ci».H 2 /» 

Sido niid 
liyiiotimu.su 
ft, ft 

fo-V- “-(nil ill; \''t'm(d.'»"—<’)= viaii i. (ft -!•/>). tail i(//— ft)', 

-taiidj (im(.‘/;- lft'‘)--^ ■ aJ"'" 

mu A ' /TV / Niuu.J(ft l-ft) 

co.?/’=r tniift'calft r- tnu:l:i»; liinl 

'l.•im(A•!•ft) 

tSido and 
aiiglo 
ndjacnnt 
ft, P 

, ' 1 1 n i / /) \ ftft)*Hin2 /’ 

. , (nuft . ,, /rt«'-*.)/’-Hlii2ft 

tniiftr: — j-.J lni»(A-ft)5=7 -- - 

cosP ' ' 1— ft<rt“j7’«i.H2ft 

co.s/t = «o3ft'iiiii/* (lUKbi’i timl7/= 

1 

Hldn mill 
iinglii 
nuiiiiHilo 

ft, Ji 

(liii;)" taiift col/i =tau (»5 lnM(4/*~^r>“) = -\/^ui^("l.'^‘’~<»)~yoos^•c(//•|.ft)^^^'m^^^^^ 

=•- fallal tn»(i7Mr)®) = VM'izi“— 7) = 

Ilyuotouufio 
null nnulo 

i,,n 

fllii*ftr=Binft'Hiiv*7J vrtaiK*; l«M(jft'‘l,'i®)=: yTanOiri^— «i). 

Tlio midcn 

Ji, P 

emb^-^; =(nnd;t»; imi JA = Vln';;(4r)"-V)= aJ 

cos/f-r’.Mi/lcQLP = tiinrti) ta«lft = v'l«''(dS““^)=\|— — 

' Nc«H(7i— /') 


]i'or qimarimtnl trlnnglRS llio snmo fonnulu npiily, on iiilorelmnKinK tlio larj-o nml buioII mid iKitliii't cut. and — t i.ii \\<y 

/rta ftuil COS! Otlievwiso, nso tho coinjdcmoiilnUHnnglo foninsa by nii obliquo uido, lliu comiilmnctil ol’ llui ..ihcruidc, 
niiu lliQ iiorpondicidni' lictwcon Ihts (iiindmiiluiH. 


In llio forinulii tana: eus ~* * ** cxprcsaiblo in nro by tlio scrlc-q 

,i"=R"(jH8m«qFilm'''nm23-h im*8in3s:f iw'H'ni'ls d-&c.) 


Bin(a±/A~8in«.co8i±cosrtisinb 
cos(rt ± //)= cos {ccosi siiut-sin b 

amfrt-l’M + Bin(n*'6)=2sina'CO.Ht 
flin(a+t) — ain^rt—i)=;2cos(TKU)/< 
costa— M d- C08(O-hiJ=::=2C0SH'C<)sA 
cos(a— i) — cos (a+ Zi) = 2sin a-siii h 
Bmad-8ini=2ain J tad- cos 
slna— aini=2co3j(<id-i).sinJ(«— Z;) 
co8Z»d-coB«=2cos.j(a-t-Zi).co3i(a— i) 
coa h~cos 0=28111 J (a d- b) -sin J- f a— i) 


Bin(fld*l,' tt=2co3a*.3mna— siii(n~lja 
c08(»d-l)a=2coaa'cos«a-cu8(7i— l)a 


600 


3 (rt±- 6 ) trtd:t/i 

HO— s/i ft) 

HiH'sft ~'tj(a+A)^ 

c6— o« , B«— aft 

BH + Sft ^ o6-f-«’« 


a(«d-ft) ' c.5((t-|-ft) cftd-ort 


i'Nn'inulw <if PIntio Trigonoraetry, 

A^ il, C, llio nngliDi tifa trinitgla, and a, A, e, tha opposilo sides. 


/> a 
i: s 
r t 
T r 
h,, 

sill 
^ tun 

Tinot; 


M = r.Hinvl - -p-cnis /J /j.liiuy] = fr.«oL/i; .= v'c'‘~A*r= V'C^tOOT— fr). 
h C-Hin H- ■ r.ciD.s J ui.tan //;; •. n.Kotyl;.: Vl'^^K^-ra}. 

a u /, {, — — \ aT )'■ -A 

h 


lan- 1 1 =-,-:; cotJi. 
0 


siiwl .- -- uos/i; cnw.t . "ssHiiiy// 

i. I* 

Hiiia*'I. -am'ili cimH/I r — nosS/i v!). 

""‘s N aV '"a N a„ ‘ '""a "N?j:i="r+7/“-“- 


111 i 

Hoiight 

iinglod 'I'riatigltiH. 

! 

A 

Hill .1 rv; --j^yslu Aa) (.V- :*) (n-i;)', - Jll'it,?.. 

1 a 

iA 

, . . («•••/») (.v—c) A' tu D m , C m 

oiiuivivHo, — ^'T ^ 


p-.rr. poiji 

h Ni'l'i! i!<i-"<:'! 7 '. 71 dill'. (i)rsiiiii)«rHiiKi*of fcliypurp. fr. 11 \ jt - ■ ^c“— . 



ton i (.' 1 — 7 /); i^|y|*-liuii(yld‘V/)n-.t-*-'~ylnii( 90 '* — lC’)-"<ni)f.Ct)LiC'i ■^ = lflli(d&®±^). 

igln 

Mid 


/ M HMiJ (.-Id- /i) . , , . c« 3 j(yl •!• Vi) ,, , , , fyi .•.•:l) 0 “— ilC/d*iC''i-“-^ 0 ‘ 




6 ’ 

c 

1 

^ Him', ; " J 

CDt.l 7 .,- 'CDijC’n:- i-'l'i-.COWaiC'— (MltC. 


Iglos 

tido 

a, a 


i(t0H 

ui^Io 

i(i> 

A 


A 


ji a 


•si Ilf/ 


Inn A :. 


U 


'"A’nrul" i*'aroi 5 "^t'* nr«S" (A tirud" 


^ __ ^l•Hill // 

uliivi 

fl'NillC 

siii.'l 


rt _ It a 
niii-i ■'* ainiW siiif/ 

sulfigiviiii X Hill ai)gloflii]i. Hide smigiit 

Bin amkIo opp. sido Bivciii 


iiiili:i KOiiglit 


Or^iO>-A±i, .i,. 

«t;:: ^ A-COS.- l + a-Cfts/f. 

«m/l Mll/j 

Wiioii A >•«, till) angles J 3 , 0 , and tlio hUIo c, aro ninlnguoua j na is iiIsd llie Aron. 


Ai-eii : 


Ini ubAnd fi^'SiiiZii'sin(^ i'-’-Buul-ooB/l+i'SinylA/K®— i^sin^A 

Vs.0^n)is-^bj^~c)r. J. == ^ 


r 

N 

Kina 

0 


i(A-a) 

poailion 
of C 


A~\-a JU O-i^JiCO^ M(t*-( M+N+ASO^’ OHO ) . .QQ (jjjQ ^ J 800 J. 3 of IJ. 

.— ... —J- 2 , T .fx 

tiMf 

Uu5(vi — CJ — (aii^itunj(yi*l-t0i 

c.aiii(yl/+yl) rtn c.sinA fl-aiiiC? /to — 





. - siiinvc , (niiaro 

Arc. I-OB I.og. 

fllT lll'C 

4-68fi Aid 

0 0 5749-0'01 .WD-O-OS 

] fi0 5749. -O;} /574D- ‘00 

2 ] 20 5748. '0.5 .5749' ''0 

:J 1805748' '07 .5750- 'U 

4 240 5748- '09 5751. '18 


5 .800 5747'0'11 5762-0'22 
f) .860 6746. '13 6753* '27 

7 420 6746- '15 5755^ '31 

8 480 5746- '17 5757. '35 

9 540 5744- 'lO 5759. '30 

10 C006743.0'21 576:- '43 

11 6G06741* '23 5703, ‘47 

12 720 5740* '26 5766« '51 

13 780 5738. '28 5769. '56 

14 840 5737- '30 5773- '59 

15 900 5736- 0-32 5770- 0'G3 

16 9C0 6733' '.34 6780' '07 

17 1020 57.31' '36 5784* '71 
181080 6729' ‘38 5708. '76 
191140 5727. '40 5793- '80 

201200 6724*O'4Q f)79&-0'84 

21 1200 6722- -44 5803- '88 

22 )320 6719' '46 5808' '92 
2311380 6716. '48 631.3. '00 
24:1440 5713. '50 5819* I'OO 

25 1500 5710. 0'62 5825' 1'04 

26 1560 6707. '54 5831. '03 

27 1620 6704' '56 5838' '12 

28 1680 6701. '58 5845- '10 
20 1740 5697* 'CO 6862- '20 


»J6!>97&tl )7Blie7U ■«« OMKHail 7&«l '(IW.i t»73 Kfi7 tflllO 7 'Widl awfl i-iJO l-Jl? 6:1 I 'DOW) Vltii'J lU 1(1 U'dJt l<iC7 

-VuiGrirnbCrSTIKI vm «m TOH IK).I •Jl«anWl.lGI774lrr.« ■MW.IWflVlK;l I'lill ll | -IKnKIMirj '..W kiJO tuw 

JldO*'— 1) S>-4l;il 71117 «';i(!719«H37CI ni 7':i(97 l.STHinill4!l C-aM,!Ci6sti6.-.H(()l fiMWi TOI hroii DM 

( 1 .. I ((-.1^ u aial 7107 tiSIO bS (r3»79 2MH 87#l 61 7'HCI7 IKN IGIU I'J O JCllI ff.f/1 PCJ.hmj I J (.’ar/Ji lORi e.7(i:i u.^H 

Coiiflhiiils. I.«>;a:iirilliiiis. I (’ulof'iividiins, 

lliiscorNinipriim li.iKH. • = 2'71.S28 W2S.\rmAr> 0'43429 44.Sl!)'().325'|)'.5(ir.7() 55180 

Ij.ik.s— <.{’coMi. J..»K9 ~ > 1 = l).43.r2l» 4481!) 0.32.52 i»'(>.'1778 431 13 OU54|0'3(i221 56880 9940 

liiuliiiK =: 1, Avck (il'circlo ) I j 

Dini.i. :=: I, CircHHiroroiico }=:*=:= 3-14159 m'W 89793 0'4!(7 14 98721! 9413 9'50285 01273 0.587 

Diniii, = I, iSiirf. of Siiliora ) | I 

Diiiiii. = 1, Ai-tia of-Ulrolo = 3# = 0'78n39 81(533 974-18 ,9'89.50H (1017 (l•l(>49] 01 |8(i 3383 

Diinn, :=1.U-. t ,•« i. _ U'*’ = (I'.623fi9 877fW. 98299 9'7181)9 8li'22;M(M9 (>'28100 13770 8951 

HikI. = J J \ _ 4'1HB79 02017 «(;39l |O'022l>8 80093 0243 »'377»1 1390(1 9757 

Aveii =1, Diuin.of Circle = V-” ri2837 91(570 94099 0'0.524.5 50.593 l(19l|9'94754 4940(1 8309 

r I 

Content 1, Dliim. of Spin =:: l*24()7l) 09S17 99700 O'li9306 712.58 911,50 9'!)()(133 28741 ()3fi0 

= I•4a4f>9 18814 91298 «'I0.57I (i024'2 313H^!)'83428 33757 0862 

, = 1-7724.5 38.51)9 05510 (l'24857 49303 4707 9'751 42 500311 5293 

9'H(«I«0 4-1010 893.59 O'0942ll 97453 8827,i)'(K)57l) 1>‘J540 1173 
31'()0()27 (10802 93493 |l '49144 90180 8240 8'508r.5 0381 9 1 7(10 
Nnpcviiin l-nj;nvUhin of » = 1*14472 988.58 494(H) 0'0.587() 30212 3982 0'94l29 09787 (I0l». 

l-= ‘01745 32925 10043 29677 It'’ = bi" ‘mneim-Jutii 1'758I2 26324 01)17'8'24187 73075 9083 
r= •00029 08882 08066 72160 it' == .i«7' 3'5.‘l(>27 38827 9282, C'40372 151 172 0718: 
rss '00000 48481 36811 0963C u' = 7«ic:i jjj r>'31442 51331 704(1 4'()8, 5.57 48008 2354' 

1>=: '00007 27220 52160 43040 10 ;= 'ahjossuOTKo 4'13M333H741 2U7H'5‘H(!l(iO 01258 7922 

Onlnjr.ui'o Kst; 5-.31442 613.31 8 kUi Pra •oi7M?locnj'i7/-M 8*24185 53104 183l|l*75H14 46.515 8109, 

nrc 2'= 6-()133B 6i;)76 I .sin l'= -.wJOoKKHjowBj-mfl G'4C372 OHIO 8248,3’53(!27 38889 1752 


301800 5694..0'02 
31 1800 6000-, '04 
321D20 6686'I '66 
33IO8O6n02'j <68 
34 2040 6678'1 '70 

362100 6674. 0'72 
30 2160 6060. '70 
37 2220 6668' '77 
382280 6600* *70 
90 2340 6660. *81 


5860- 1’20 
iOSnO. '20 
'5874* *.33 
6982* '37 
5800. '41 

■5800-1 '45 
I60O7, ‘40 
■5016, '63 
:6026. *57 
16936' *01 


40 2400 5661- 0-83 5046- 1'66 

41 2460 6646* '85 5965. '60 

42 2520 6641. '87 5966* '74 

43 2680 5035. ‘89 5975* '78 

44 2040 6030' *91 698G* '62 

46 2700 5026- O'O.T 5997-l'.‘i(i 
40 2700 6019* ‘95 GOOS* '90 

47 2820 6013. -97 G019. '04 

48 2880 6608- '99 (1031-1 '08 
492940 6G02.|1'01 604312'02 


Nnpcviiin l-oj'nvUhin of » = l*U472 988.58 494(H) 0'0587() 30212 3982 9'94l29 09787 (1()1». 

l-= ‘01745 32925 10043 29677 If’ = 67'"29«7osiaii-.'MOi 1'75HI2 2(1324 (J917'8'24187 73675 OOR,') 

11'= •00029 08882 08066 7210)0 it' == .i«7' •;)677i.7KW:i'«w 3'5.‘i627 38H27 9282,C'46372 61 172 (>718: 
Taa '00000 48481 36811 09630 u' = 7«7c:i jj'I 5'31442 51331 764(1 4'R8.657 48668 2354' 

1>= '00007 27220 62160 43040 10 a= 'ahTOSnuOTfcW 4'13M33 38741 2U78'5*H(!l(i6 61258 7922 

Oolnir.uro Ksn 5-.31442 613.31 8 kIu I'’=s •oi7M?Jocn7'i7/-M 8*24185 53184 183l|l’75H14 46.815 8169, 

live 2'= 6-()133D 6i;)7.6 I .sin l'= •.wJCoi.KHjowBj-mfl 6*40372 61110 8248 3’53(!27 3888!) 1752 

arc 3'= 4-83730 387.S.6 hin I'ss •«u(w)4Hitii .ichii o7c,i.ifiit 4'(5H557 48608 2184 5’31442 51331 7816 

are -J-st: 4'71230 5142 tan 1'= 'imwowihi aOHii 4'68657 48003 2094j5'31442 51331 730(1 

Iiog.0'9 =r 0'II5424 2509.1 nin H •ui.iToMir.uiKHK.'flTai B'lOOUt 20172 .3855 I'803B9 79827 0145 

0-64 = 9'732.30 37598 sin )' s::; •wN.iBri.ruowm'.'iif. fi'lOOH 98752 44li)'3’H03H8 01247 55S1 

0'024sa 9-51054 60102 bIii 1'’=s 5 •ooi«> ibw w.iJ 0 7i.i7a.B' 4'190)1 98770 2997|6'803H8 01229 7003 
360", oxpvosiioil in m'ooikIh ef nre . =: l29(i(HH) (5'!12H1) 50015 3457i3'H873!) 49984 6.143 

24’' — Day, oxpro,«iMl in xec. i.l' lime r.-: 80400 . 4*93651 37424 7889 5'i)(1348 62575 21 1 1 

Hkluvciil yonv, in nioim unlnnliiyH =.36n-‘i5637 4417 2-, 16250 780421)55 7'4374)) 21957 945 

Sitii I'ot. yl' earth in monn HnliirsocmiU = 8(51 64'0!lU6(l 888 4'03532 63544 173 5'0n467 36155 H27 

1), necel. ol'llxed Ktarx in inonn hoKboc. = 235*901)33 112 2*37272 .S55().| 818 7'6‘i727 14495 182 

Ti'opiciil year 1850, 5n menu fioliir UnyB =s 365'24221 0787 2'50258 09700 (KIH 7*43741 90291) 932 

Annnnl vavUtkm — 'OOOOO (lOOUHO 'OOOUO 00900 7115 

1). iiccel. of oriniit. puiulln dumui Hnl.xiie. 235'9U9.15 0194* 2'37274 53384 474 7 (12725 4(>II15 526 
, Sid, {i,<. mpiln.) day in inunn Bnlav 9oc. •=: 80l(54'09()r»4 9.H06 4'9.i532 03084 543 5'0(I4(17 3691 5 457 
|Std. ( 1 . 0 , (3<intn.) day In menu toInvdavH 5 = O'90726 95065 49(5 9'99B.S] 25959 754 KJ'OOllH 74340 24(1 
.Mimii Holnr day III bid. (t-c. oniOn.) ilays =s 1*00273 79091 291 O'OOllrt 743.»0 24(1 ll’OOHHl 25l!.11) 754 
Mi’iiiisul.diiy in 8 OC. of Hid. (o.|iiin.)Uino— 86036*55534 88314 4'03770 117(15 035 5'()(i2’29 8823'1 9(15 

C.niKits, X sUl. year Si. It, in days =s |09'C1542 4481) 2'(>3987 16700 7'0G()1'2 83300 

_ j;. fiH|'.«rt««frml.s=:0'01720 21236‘24 8,23558 20644 l'7644l 7935(1 

VliL year in days 'tin nee. of are es 3548‘192.'»1 0(5340 3*55001) 71976 6'44990 28024 

l!i|imti)rial radiim of Kavlh in Kni'liiih I'Votss 200210(55 7'3205!) (12438 2'6794t) 37.162 

I'.ilarvadiuH ... . = 2«).S, 12394 7'31U15 59222 i2'(l8084 40778 

Dcirrco ofliititii.lu at Kqimlor ... =3 802732 5^55'J58 50 !4'44().|] 4l 


hill, year in dayB ' Un nee. of are es 354 
l'!i|iiat(irial radiim nf Kavlh in Kni'liidi i'Vels: 
Hilar vadiiiH ... = 


Dcai'co of latitude at Kqimlor 
... ... lit 45' ... 


60 3000 5566. 
61 .1060 5589. 

62 3120 5583* 
633180 5577. 
54|5240 5570* 

55 3300 060.1, 
56.1360 5567.1 
67,3420 55C0-' 

63 3480 5543.' 
69 3540 5036: 


1'03 G066-2'00 
'05 a067* '10 
■07 6080- *14 
•09 G093- '18 
■11 6106- '23 

1'13 6119*2’27 
•15 0133- '31 
•17 0147- '30 
•19 6161- '39 
•2J 6175* '43 


=; 209210(55 7'3205!) (12438 

= 2«).S, 12394 7'3lUi5 59222 

=3 802732 5-55958 50 

= 8(54543'5 5-615174 94 

I'reiicli Tiiiec in l-’roiic)i Melrcs s:= 1*949(X1 0.19 l)'2898l 99924 

'L'aisij in 13ng)lHli Vni'dh = 2-l.'5l53 O.S4 ()‘328(i0 1020!) 

'J'diao in I'lngliKli Feet sa (5'391.19 252 l>'8()58 1 287.1(1 

I'ncit inlSuglisJil’cnk = l*(l(i570 542 ()()27()7 1 62.13 

.Metro inlInBlisJ) Ymds = 1 •09303 ;K)07 0'03H.S7 16281 

.Metro In Knglisli Fcnt s= 8*28089 9107 IJ-.11.19I) 28H.il 

Aictro >11 English iiiclius =a:39'37()7U l-.IUOl? <il201 

.Myriaiuotro in English Miles =: (»'21382 424 0'79335 89605 

ILcclnro in English Aoves = 2*47114 3 0'.192.Sl) 79 

{.Iniiiimo 5n Kiigllsh Crnins z=: 15-44242 i*]8.S7l 4920 

(rvainnio in Jniiwriiil lbs. trov = i)-0()2()8 0970 7*42820 24 13 

Cirainnio in Jnipor. lbs. avnlrd. == 0*01)220 (ItKH) 7'34161 (1880 

Kiliigranuiie in l-higHsh owts, = 0*1)1909 0904 8*29439 .8864 
T.itro ill English flnlltms = O-22000 087 9M42()I .‘ililiO 

I/itio ill cnbio inches fiI-U270.1 1 i'78552 28S73 

Imperial gallon in cubic In. ;-t 277*274 2-4.12iJ() 9 1 

Weight of Litre of dry Mr at Paris ) .. 1 nnnia, ,nnm>io.i 

(6“:0".7G,*=r.0ocont.)ln Graminos J ~ ‘ 13.1 

(6 30 in., 1 62') eub. in. (list, -wator, in gi-s. = 252*.15.8 .T.10218 91374 

M'eightiif Quli.f.mt of wator, inux. avoird. = 997*13(590914 4.59781 48181 

In grains = 436247'424 ) in lbs. nvoird.s= 62*.12l0fi0.17 1*79463 48355 

Log. = 6'C3fl73 28756 > in oz. Imy = 908*8488900 2*05841J 16381 

Co!i>g.= 4'3G026 71246) in lbs. trny 76*7,i74900 1’87!I31 (). 1!)21 


60 3600 ,1528* 1'24 
6i;3060 5521- -26 
62 3720 5513* '28 
63'3780 560G. '.10 
64|3840 5498- '32 

65 3000 5490' 1-14 
663960 6482- -SS- 
67 4020647-1- -38 
6840S0 6465. 40 
69:41405457* ‘42 


6l90-l2'.17 
0205. *61 
6220. '55 
0236- *59 
6250, '63 

6206* 2'07 
6282* *72 
;0299- '76 
16316’ 'SO 
6332- '84 


in Eiigllsh (Jriiiiis z=: 15-44242 i*]0.S7l 4926 

in lni])uniil lbs. troy = i)'0()2()8 0970 7*42829 2413 
in Impor. lbs. uvnird. == ()*0l)220 G9(H) 7*3416] (ISHO 
1 in I'higlish owts, = 0*1)1909 0904 8*29439 8864 
ill English Cinllnns = 0-22009 087 9M42()I .‘ililiO 
ill cnbio inches 01-1)270.1 1 i'7H5,12 28S73 

in cubic In. ;-t 277*274 2-44290 9 1 

1 293187 0 HIGH 133 


1.1*40218 91374 


Co!i.k.= 4'3G026 71246 J 


, trciy 75*7,174000 


70 4200 5449. 1-44 0349- 2'S8 
71I4260 6440- *46 6366*1 '92 
7243201543]* -48 6384-1 '90 


Hoconds pendulum lnt.flfGi‘,in inohes =p = 30*1393 
Eorcoof gravity in liit.orGvconwicli) . . _ qe/...-oAl 
= velocity ncqinrcd In 1» hy a } " i"* — 
liudy faUliiB ill vacuo, rrrS/isi jji j “'*'* — 1907M 


|1'87!I31 03921 
|l'502Cl 30.141 
2'58691 280 
1-50773 165 


7'06()1'2 83300 

l'7(i44l 7935(1 
6'449()0 28024 
2'07!)4U 37.1(12 
i2'(i8084 40778 
j4'4404) 41 
|4-4;J825 1)11 

9'7l0i8()007() 
0'07J;W H379I 
U'1941H 712.(4 
9*97232 83747 
O'Oni 12 8371(1 
9'4H.1(Jl) 711119 
K-4U4M2'5870U 
9'20(i04 K1395 
9'1107iy21 
8*81128.1074 
2*.iri7(l 7.157 
2'ii5(ill8 3114 
i'70.1(l0 1131) 
y'0573S 111,'M 
B'21447 71127 
7M<1700 .1(1 

D'88:(3;i 807 

2.40218 08(12(1 
7.59781 51819 
8*205, 16 51(145 
7-041.10 83619 
8*12068 961)79 

8'407.18 694.19 

7'41.1()8 720 
3-49226 845 



